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Collins mechaniswm:
left-right asymwetry from correlations between quark
transverse spin and outgoing hadron direction

I 1-hadron production
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1-hadron production 2-hadron production
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Interference Fragmentation:
left-right asymwetry from correlations between quark
transverse spin and relative orbital angular momentum of the
hadron pair

2-hadron production
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Azimuthal asymwetry generated by correlation between quark
transverse momentum

Sivers & Boer-Mulders
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the parton transverse spin
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Azimuthal asymwetry generated by correlation between quark
transverse momentum

the proton transverse spm me==e the parton transverse spin

Both are Naively T-odd

Sivers & Boer-Mulders
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Azimuthal asymwetry generated by correlation between quark
transverse momentum

the proton transverse spm = the parton transverse spin
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Azimuthal asymwetry generated by correlation between quark
transverse momentum

the proton transverse spin the parton transverse spin

L ' ' / )
¥
| (\\ %
= : J i
$ | &
.g =
%
I
L)) @ o
(TR TR T T .
: = :
» i
+
T NS . e
s ~ IO\ T I @ )
NE N NE W NE X% NE MR NE NE N NE NE NE
o liin] 7o bin)

T Sivers & Boer-Mulders

FRANCESCA GIORDPANO 2011 RHIC § AGS ANNUAL USERS' MEETING



Siv

Siv

[ (

COMPASS 2007 proton data

preliminary

® COMPASS
O  HERMES (PRL 103 (2009))

0.1 — -
o D*DD O Qo ?
] &
o '+ 'i' O *"{ """"" [ '*"}'"i'"i'af'g*f:i'ﬂ """"""
_0.2k positive T | negative T
) raaal Laaaaal Ll 1 L v s aaul
1072 107! 1072 107! 5 1 O 0 1
4 0.2_— . -T-r —
g 1 Jlab:Nevtron 77 o T
Qo t 1 {
S N E—
A ! |
=g Ittt S ¢
o 0.2 T -
s, i
= i
® -04- K\/\ -
o~ I .
01 02 03 04 01 02 03 04
COMPASS 2007 proton data
L] COMPASS
a HERMES (PRL 103 (2009))
0.1 —

_02 positive K
: 1 IIIIII 1 Ll 1.1 I

negative K
11 I 1 1 1 L1 1.1 I

1072 107!

1072 107!

Sivers asymmetries

FRANCESCA GIORDANO

2011 RHIC § AGS ANNUAL USERS' MEETING




- o pt 1 1 1 HERMES preliminary ;

¢ ir* it '
A SN %u %ii

| A AP B BN B B
10" 0.4 0.6 0.8 0.4 0.6 0.2 04 06 08 1
X y z P, [GeV]

Doy

2 (cos(2¢

- o h 1 1 1 HERMES preliminary ;

AT RN AR T

o it %ﬁ REITIRET

02 ep—~eh X 1

1 1 1 l 1 1 1 l 1 1 1 l l__ 1 1 1 l 1 1 1 l 1 1 l__l 1 l 11 1 l 1 1 1 l 1 1 1 l 11 1 l_
10" 0.4 0.6 0.8 0.4 0.6 0.2 04 06 08 1
X y z P. [GeV]
s
= 0.1 = % -

i ¢
0.05 ;

o
:
=
+
i
i

. h_
COMPASS SLiD (25% of the 2004 data) preliminary
111 | 1 1 1 | I I | I | | | | | | |
10.2 1 0.1 0 0.2 0.4 0.6 080 0.5 1
X z P! [GeVic]

Boer-Mulders asymmetries

FRANCESCA GIORDANO 2011 RHIC § AGS ANNUAL USERS' MEETING



- o pt 1 1 1 HERMES preliminary ;

¢ ir* it '
A SN %u %ii

| A AP B BN B B
10" 0.4 0.6 0.8 0.4 0.6 0.2 04 06 08 1
X y z P, [GeV]

Doy

2 (cos(2¢

- o h 1 1 1 HERMES preliminary ;

AT RN AR T

o it %ﬁ REITIRET

02 ep—~eh X 1

1 1 1 l 1 1 1 l 1 1 1 l l__ 1 1 1 l 1 1 1 l 1 1 l__l 1 l 11 1 l 1 1 1 l 1 1 1 l 11 1 l_
10" 0.4 0.6 0.8 0.4 0.6 0.2 04 06 08 1
X y z P. [GeV]
s
= 0.1 = % -

i ¢
0.05 ;

o
:
=
+
i
i

. h_
COMPASS SLiD (25% of the 2004 data) preliminary
111 | 1 1 1 | I I | I | | | | | | |
10.2 1 0.1 0 0.2 0.4 0.6 080 0.5 1
X z P! [GeVic]

Boer-Mulders asymmetries

FRANCESCA GIORDANO 2011 RHIC § AGS ANNUAL USERS' MEETING



- o pt 1 1 1 HERMES preliminary ;
i .J-[+ |
L * gt

of ¥ £
:H%;i*ﬁng# LK

of 1 I |
> ! $ | $ : unpolarized target & beam:
-0.2'—9Pﬁﬁh+,X ' et

N L L | L T W T .
10 0.4 0.6 0.8 0.4 0.6 0.2 04 06 08 1
X y z P, [GeV]

Doy

2 (cos(2¢

_.h'

T I * R

e

02 ep—~eh X

1 HERMES preliminary ;

Doy
o
—
|
-
—i®h—

2 (cos(2¢
o
e

-0.

—h

1 1 1 1 1 1 l 1 1 1 l 1 1 1 l l__ 1 1 1 l 1 1 1 l 1 1 l__l 1 l 11 1 l 1 1 1 l 1 1 1 l 11 1 l_
10" 0.4 0.6 0.8 0.4 0.6 0.2 04 06 08 1
X y z P. [GeV]
s
= 0.1 % -

COMPASS 5LiD (25% of the 2004 data) preliminary

Ll 1 Lol | | | | || |
10.2 10.1 0 0.2 0.4 0.6 080 0.5 1

X P! [GeVic]

Boer-Mulders asymmefl;ies

FRANCESCA GIORDANO 2011 RHIC § AGS ANNUAL USERS' MEETING



&gog*“” L L e @ @
H% RN Bl

$ $ $ ' unpolarized target & beam:

10" 0.4 0.6 0.8 0.4 0.6 02 04 06 08 1

x v z P Gl gpin effects also in

‘*E 0.1:_.7?_' __ $ ] HERMES preliminary ] u"p()Iarized
g Dxbaa L F - * g reactions!

0.1}

$H

—
_{_‘._|_
_H_|_
—l—*—f—
et
—
_H_|_
—H—f—
_'_*_|_
_H_|_

02 ep—eh X 1 1 ]
- 1 0ol 1 lll llll llll 1 1 1 1 l 1 1 1 l 1 1 1 l l 1 l lllllll

o' 04 06 08 04 06 02 04 06 08 1
X y z P. [GeV]
%‘50.1— { ! !
] o
t H
0.05|- §$£¥ ihh % h%%i{.% I
A 13 N o Pt b
o 5

COMPASS 5LiD (25% of the 2004 data) preliminary
| | | | | | L
0

|
0.5 1

Boer-Mulders asymwetries

FRANCESCA GIORDANO 2011 RHIC § AGS ANNUAL USERS' MEETING



helicity

lerh o y*

drdydégsd:dpdP2,

{

4+ S L

quark/ /

Boer-Mulders||

L |/

4 .S'T

/

L a(®-®

+ St N

9 1‘1‘@» 7 -@»

[]"l'l’.'l' +eFyuL

+00s @)

/26 (1 + €) cos (9)F s ) + € cos (_2(.;)1-‘;‘.';7‘?'3'-"3']

sin (@)

\."’2' (1 wou ) Sill (”)[‘]l
[ T T R, + 81 () . R \ - 81 2’):
Vv 26 (1 + €)sin (o) F l’-'[': ‘Y 4 esin (20)F l‘|ll.” . ]

v 1 g r."‘yl'.l,l. A A \,"";21 (l - )('()s (¢ »‘) l;‘lh I:':""]

s (@—@

[ » / . <) . 51 (O—D g)
sin (¢ “S)(I'l'T.T St eFyry )

=n lo+o <)

+' \ill (’ ) T ‘."\')I“l"r

. v vsin (39—¢ <)
+ ¢ slll(.;n—us)[ ;'T vs
\il]‘:l:' S :v

+/26 (1 + ¢) sin (65) F iy

.sml'.’c'—o\‘)J

+1v/2¢ (1 + €)sin (26 — 6 5) Foy

R ) \ ~ 008 [O—0 g
[\ l_'-('US(”_“.S',”‘[L}I‘ ¢

008 QO < )

/26 (1= ¢) cos (65)F iy

o

20—

+4/2¢ (1 — €) cos (26 — ds)Fip |

I}

transversity

j FRANCESCA GIORDANO

worm-gears

pretzelosity

transverse longitudinal

_Q.p nucleon spin

O ®

RO11L R

parton spin

parton transverse
momentum



sin(30,-,)

-
=2

<

0.05[

WWHLW |

0.1 »-positive

(=]

all hadrons
“+negative

[ COMPASS 2007 proton data

Lo —— N

0.05 1
_4 —_— ] 4
| | = N N = l l l - l l l
1072 107" 0.2 0.4 0.6 0.8 0.5 1 1.5
b'e P, (GeVic)
*-p all hadrons 2002-2004 data
L COMPASS
b a ) |
n—%} AR 1 [ epeaty i
0.1+ -
| R | L | | | | | |
10°? 10" 2 0.4 0.6 0.8 0.5 1 1.5 2
X PY (GeV/c)

* chiral-odd > need the Collins FF or similar

* results consistent with zero

[ (

FRANCESCA GIORDANO

2 (sin(3¢-9g))y,

Pretzelosity

ot F HERMES[ PRELIMINARY
0.04 - - 7.3% scale[uncertainty
0.02 2 + +_— +
OE—'+"+ ++‘+'+'+ ) #'1"'{'+""";"+'$+'+"+"+ """
-0.02F o F 5 _
0.05:—'756" B ‘ = E
of bbbt ot
-0.05 - | - E
0.1 == e
0.04}-7 - -
0.02F - - :
°"“"*""1'}"4'*'*'+'+"{'1“*+"+'1 """" +
-0.02 - T n i3
0UETTTT ="+t — T i |
10 0.4 0.6 0.5 1
X y n [GeV]

§ AGS ANNUAL USERS' MEETING



=
§ ® HERMES
£ 3 | acCLAS , , ‘
<
0

0.1 *J’IS+ —— ] g A 7750 — ]
N N RN S AN S AN AN RN AT SN N AN S NN RO N N
0 0.25 0 0.25 0 0.25 0.5
X
.02 . ﬂ.DE:
ﬁ 00135 ;— ﬁﬂ.ﬂ‘ﬁ ;‘ COMPASS
'..En 001 .,'E,., oot b |
= = f
0.003 :_ r& | } 0.003 - J + +
0 E . | g | |. | .
0.003 i— % | “ -0.003 ;— [If LIJ %
an | J‘] 001 F
" e h - el
0015 F oy 2015 Fype
gop B be P 7 31 R ETHPRUTE PRI FTEN FPUTR FTURTFEIY FUTY PV ST
0.1 02 03 04 0.3 0.5 o7 0 041 02 03 04 05 0B OF7 OB 05 1
31 Z p'; GeVic

* chiral-odd > need the Collins FF or similar

* results consistent with zero at HERMES and COMPASS

* non-zero from CLAS?
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* results consistent wit

h zero

* hint for non-zero results?
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* results consistent with zero
* hint for non-zero results?
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* To date, DIS experiments have played a crucial role in
describing the proton structure

* Different reactions give complementary information: PIS,
hadron and e*e- reactions are all needed to gain a complete
picture of inner nucleon structure

Sumwary
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* To date, DIS experiments have played a crucial role in
describing the proton structure

* Different reactions give complementary information: PIS,
hadron and e*e- reactions are all needed to gain a complete
picture of inner nucleon structure

Thank you!
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